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Structured Abstract  

Purpose 

Organizations often introduce Performance Measurement Systems (PMSs) in order to evaluate the 

level of their performance, make comparison with competitors, and plan their future activities. 

Since indicators may affect the behaviour of the monitored system, the design and implementation 

of a PMS should always include the analysis of the impact it may exert on the organization itself. In 

this work a methodology to evaluate this impact is suggested. 

Design/methodology/approach 

The proposed approach is based on an impact reference model derived from the Balanced 

Scorecard (BSC) framework. The different perspectives of the BSC are interpreted as areas of 

impact within an organization. Structured steps for impact evaluation are described and specific 

techniques of analysis are introduced. 

Findings  

A series of case studies, together with an analysis of advantages and disadvantages of the proposed 

method, are presented. Results show that, although many sets of indicators are usually able to meet 

the role of a PMS, they may exert a different impact on the context they are applied. The proposed 

methodology results to be a useful instrument for choosing the right set of indicators from the 

impact point of view. Finally, possible research paths to be undertaken for further developments of 

the proposed methodology are traced. 

Research limitations/implications 

The application of the method is based on the assumption that managers charged with the analysis 

have a profound understanding of the specific contextual factors which may determine a reaction of 

the organization to a performance indicator or a PMS. Furthermore, at the moment, the 

methodology does not consider the possibility of interaction among different indicators in 

producing the impact.  

Practical implications 

This paper may be used to guide the selection of the most appropriate PMS from the impact point of 

view. The proposed methodology can be very helpful instrument for an organization involved in the 

design of new PMSs. It guides the decision maker through the various phases: indicators definition, 
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analysis of their properties, impact analysis, and choice of the set with the preferable impact 

profile. 

Originality/value 

The issue of impact has been long debated in literature. Many articles try to analyse the operative 

and strategic consequences of the introduction of a PMS in an organization. This paper proposes a 

methodology for a more structured and objective evaluation of the impact of new PMS before 

introducing it in a firm. This can result in a significant help for manager who have to find the best 

set of indicators for the performance evaluation of their organization or have to choose between 

two or more sets of indicator satisfying, in principle, the same representation objective. 

 

Keywords 

Quality Performance indicators, Performance Measurement System, PMS, impact assessment, 

Balanced Scorecard, BSC. 

 

1. Introduction 

Organizations implement Performance Measurement Systems (PMSs) in order to manage and 

assess their processes. The strategic goals are translated into indicators. In this way managers verify 

if targets are met, allocate resources and choose what strategy to implement. 

In general, a PMS is introduced with the aim of satisfying a specific ‘representation-target’. A 

representation-target can be defined as the objective for what a ‘context’ (i.e. a manufacturing 

process, or a distribution/supply chain, or a market, or a result of a competition, etc.), or part of it, is 

modelled and represented by indicators in order to perform evaluations, make comparisons, 

formulate predictions, take decisions, etc... (Franceschini et al., 2006.b; 2007). 

However, it can be shown that given a representation-target, the indicator (or set of indicators) 

relating to it is not unique (Roberts, 1979; Franceschini et al., 2006.b; 2007). In order to monitor a 

strategic goal, several alternative set of indicators or PMSs may be defined. 

The main aim of this paper is to present a methodology able to support the selection of a PMS 

basing on the impact it may exert on the organization.  

The selection of the most appropriate PMS or set of indicators is very critical (Oakes, 2008). In the 

design of the most representative PMS managers often consider properties such as coherence with 

the monitored goals, exhaustiveness, redundancy, level of detail, cost of data acquisition, simplicity 

of use, etc. (Caplice and Sheffy, 1994; U.S. Department of Treasury, 1994; Hulme, 2000; 

Performance Based Special Interest Group, 2001; Kennerly and Nelly, 2003; Franceschini et al., 

2007; University of California, 2010; Abdullah et al., 2011; Marín and Ruiz-Olalla, 2011; Mehra et 



 3

al., 2011; Sampaio et al., 2011). However, this analysis may not provide enough information to 

chose what PMS implement. 

For example, consider the R&D effectiveness index (EI), proposed by McGrath and Romeri (1994) 

given by the per cent of profit obtained from new products divided by the per cent of revenue spent 

on R&D. Hauser and Katz (1998) observe that R&D is a long-term investment. If managers and 

employees perceive that they are rewarded based on EI, then they will prefer projects that are less 

risky (and more short-term oriented). A significant fraction of R&D projects can be falsely rejected 

or falsely selected if EI is adopted. This subtle effect is the consequence of performance indicators 

impact.   

Indicators always exert an impact on the actions and decisions of companies independently from the 

goal they are implemented. Whether indicators are simply used to monitor a specific process or 

explicitly introduced to enhance its performances, they affect the organization behaviour. Impact 

may occur just because an organization implement a set of indicators, regardless of the achieved 

values and the fixed goals. If counter-productive indicators are introduced, a negative impact is 

exerted. In this case, new indicators must be established but it is extremely hard to refocus the 

enterprise on new goals due to the typical inertia of monitored systems.  

For this reason, impact analysis is mandatory for the selection of a PMS. 

The way an organization behaviour is impacted by performance measurement is a debated issue. 

Skinner identified in 1974 simplistic performance evaluation as one of the major causes of factories 

getting into trouble (Skinner, 1974). Hill also recognised the role and impact of PMS in his studies 

of manufacturing strategies (Hill, 1999). 

Barnetson and Cutright analyse indicators used to monitor the performance of Canada higher 

education colleges. They recognize six different typologies of embedded assumptions in each 

indicator (value, definition, goal, causality, comparability, normalcy) which shape what we think 

and how we think about (Barnetson and Cutright, 2000).  

In the no-profit sector the issue of impact has been recently addressed (Wainwright, 2002; Moxham 

and Boaden, 2007). Authors provide a review of the different methods for impact evaluation in the 

voluntary sector and recognize that no single tool measures the full spectrum of impact. 

Neely proposes a research agenda for the next years in the field of performance measurement and 

recognizes a lack of empirical research on the impact of PMS on organizations (Neely, 2005).  

Francos-Santos et al. classify the different definitions of business PMS in the literature. They 

identify “influence behaviour” as one of the key roles of these systems (Francos-Santos et al., 2007, 

Parast et alii, 2011). 
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In the last years, several works focused on different areas of finance and microfinance presented 

specific approaches for evaluating indicators impact from that point of view (Hulme, 2000; 

Abdullah et al., 2011; Mehra et al., 2011; Jacob et al., 2012). 

Recently, an interesting review about contemporary PMSs has been presented by Franco-Santos et 

al. (2012). Basing on the analysis of a vast sample of empirical studies in the areas of accounting, 

operations and strategy, the authors proposed a framework of classification based on three 

categories: people’s behaviour, organizational capabilities and performance consequences. Results 

presented in this work constitute an important starting point for constructing a reference model for 

impact evaluation of PMSs. Analogous papers were been previously presented by Micheli et al. 

(2011), Nudurupati et al. (2011) and Tung et. al (2011). 

Up to now, the research conducted in order to understand how PMSs impact organizations has not 

yet produced definitive results in terms of a structured methodology able to guide an organization in 

the selection of the correct PMS for their context. 

Interesting approaches have been presented in the field of environmental impact (Pastakia and 

Jensen, 1998; Pennington et al., 2004; Ijas et al., 2010). Some models for impact analysis of 

business decisions on the environment, together with some examples of evaluation scales are also 

presented and discussed in Zhou and Schoenung (2007). However, the impact of performance 

indicators on organizations is a complex issue hardly quantifiable. It is strictly dependent on the 

internal (e.g. cultural values, size, resources) and external (e.g. socio-economical) organizational 

context. The main aim of the present proposal is to suggest an approach to identify, during the 

design of a new PMS in an organization, which of the specific organizational dimensions are 

actually impacted and evaluate if an overall positive or negative effect is occurred. 

The method is based on a reference model which identifies the different impact areas within an 

organization. Then techniques to support impact evaluation and consequently the selection of an 

appropriate PMS are introduced. 

In detail, the paper is structured as follows. Section 2 proposes a reference model for impact 

assessment. Section 3 introduces a methodology for impact evaluation. In order to explain the 

different steps of the methodology, application examples are given. Section 4 presents strengths and 

limitations of the proposed approach. Finally, Section 5 sums up the main results of the 

contribution.  
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2. A reference model for impact assessment 

This Section focuses on the definition of a reference framework to exhaustively depict the 

phenomenon of impact within an organization. In Table 1 a list of the main factors proposed in the 

literature for impact analysis is reported (Bourne and et al. 2005; Franceschini et al., 2012).  

 

Table 1: Main factors for impact analysis proposed in the literature (Bourne et al., 2005; Franceschini et al., 2012). 

Impact factor References
PMS maturity Bititci et al., 2000; Evans, 2004; Andersen and Jessen, 2003 
Organizational size Hoque and James, 2000; Hudson et al., 2001 
Organizational structure Hudson et al., 2001; Nahm et al., 2003; Garengo and Bititici, 2007 
Resources Hudson et al., 2001; Kennerly and Neely, 2002; Heo and Han, 2003; 

Greatbanks and Tapp, 2007; Garengo and Bititici, 2007; Forslund, 2007 
Organizational culture Cameron and Quinn, 1999; Henry, 2006 
Management style Hudson et al., 2001; Schein, 2004; Ukko et al., 2007; Garengo and 

Bititici, 2007; Dossi and Patelli, 2008; Forslund, 2007 
Strategic alignment Atkinsons, 1998; Greatbanks and Tapp, 2007; Norreklit, 2000; Chenhall, 

2005 
Performance measures format Lipe and Salterio, 2002 
Data gathering, analysis and 
communication 

Kerssens-van Drongelen and Fisscher, 2003; Chenhall, 2005 

Business model Hudson et al., 2001; Garengo and Bititici, 2007 

 

From an analysis of these literature proposals, which are all worth of consideration for their 

contribution to the debate on the topic of impact, it is possible to observe that: 

- Impact factors are scarcely operational. They are often considered as contextual factors which 

induce a positive or negative impact in a specific environment but a general procedure to 

evaluate impact is not suggested. 

- Often impact factors are not clearly identifiable. For example, classifying the culture which 

prevails within an organization is not an easy task. 

- Overall, impact factors are not independent. For example, factors characterizing impact in 

Small and Medium Enterprises (SMEs) include resources and organizational structure (Hudson 

et al., 2001) which may not be considered as independent perspectives. 

The main consequence of these criticalities is that different PMSs or sets of indicators can not be 

compared from the impact point of view. If there is no operational procedure to assess impact, it is 

not possible to select a PMS according to the impact it exerts. 

An operational framework to identify the whole effects of performance measures on organizations 

is then required. This framework may originate from Kaplan and Norton’s Balanced Scorecard 

(BSC) model (Kaplan and Norton, 1992; 1996; 2001), which is widely recognized to be a complete 

and balanced framework in describing organization performances (Biazzo and Garengo, 2012). It 

identifies four perspectives of analysis: financial, internal business process, learning and growth, 

and customer (Kaplan and Norton 1992; 1996; 2001).  
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Since BSC considers all the aspects of the performance life of an organization, it may be used as a 

reference model to identify the areas impacted by a PMS (Wu and Chen, 2012). The four 

perspectives of BSC are considered as the basic areas on which indicators may exert their impact. 

Then, a list of analysis criteria of impact are derived for each of these basic area. By this approach, 

BSC model is transformed into a reference model for impact analysis (see Figure 1). We define it as 

the BSC Impact Model (BSC-IM). The criteria built for a given organization remain valid over time 

and they may be used again to analyze impact when the existing PMS will be redesigned or new 

indicators will be introduced. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 - Steps for the construction of the impact assessment reference model (BSC-IM). The four BSC perspectives 
(Kaplan and Norton, 1992; 1996; 2001) are interpreted as basic impact areas (1st step) which are subsequently split in a 
list of specific analysis criteria (2nd step). Here, as an example, a manufacturing organization is considered.  

 

3. Impact analysis  

BSC-IM is the basis of the procedure for impact analysis which is described in this Section. Before 

introducing the detailed steps of the methodology, a definition of impact is given. Adapting 

Wainwright’s words (2002), impact may be defined as any alteration of an organization behaviour 

resulting from the implementation of a PMS. It includes intended as well as unintended, negative as 

… 

BSC Model 

1. Financial

2. Customer

3. Internal Business 
Process 

4. Learning and 
Growth 

1.1 Sales
1.2 Revenues

Analysis criteria 
 

(2nd step) 

Basic perspectives 
(BSC perspectives) 

(1st step) 

BSC-IM 
IMPACT ASSESSMENT 

REFERENCE MODEL 

1.3 ...

… 

… 

… 

2.1 Communication 
2.2 Level of after sale service 
2.3 ...

3.1 Level of production 
3.2 Cycle time 
3.3 ...

4.1 Product variety 
4.2 R&D on products 
4.3 ...
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well as positive, and long term as well as short term effects. In order to make this definition 

operational, the following macro-steps of impact analysis are introduced (see Figure 2): 

1. identification of the alternative PMSs to be analyzed; 

2. definition of a set of criteria for impact assessment (basing on the reference model BSC-

IM); 

3. analysis of each single indicator impact (impact matrix); 

4. for each alternative PMSs, synthesis of the impacts of all the indicators (comparison of 

impact profiles); 

5. adoption of the PMS with the preferable impact profile. 

In the following each step is explained in detail. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 – Steps of the suggested methodology for impact analysis. 

 

3.1 Identification of the alternative PMSs to be analyzed 

The starting point of the proposed methodology consists in the identification of possible alternative 

sets of indicators (PMSs) satisfying the given representation-target. 

As a preliminary step, each PMSs is analysed from the point of view of its basic properties. Table 2 

shows a synthetic taxonomy of these properties (Franceschini et al., 2007). 

As a second course of action the impact exerted by each PMS is analysed. Suppose for example that 

an organization implements a Total Quality Management (TQM) system to improve its 

performance. In order to understand the effect of TQM practices (representation target), basing on 

the literature three alternative sets of indicators (or PMS) are proposed (see Table 3).  

Identification of the alternative PMSs to be analyzed 

Building of an impact assessment reference model 

Analysis of each single indicator impact 

(impact matrix) 

Synthesis of impacts 

(comparison of impact profiles) 

Adoption of the preferable PMS  
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Top management analyses the three PMSs and find them all relevant for the monitoring of the 

considered goal. Indicators are all coherent with the representation-target, which is to understand 

the effect of TQM practices. In this case, in order to select the most appropriate PMS, the impact of 

the three sets of indicators must be analysed before their implementation on-the-field. 

 

Table 2: Taxonomy of indicators properties (Franceschini et al., 2007). 

Properties of indicators 

General properties Consistency with the representation 
target 

The indicator should properly represent the 
representation-target. 

Level of detail The indicator should not provide more than the 
required information. 

Non counter-productivity Indicators should not create incentives for 
counterproductive acts. 

Economic impact Each indicator should be defined considering the 
expenses to collect the information needed. 

Simplicity of use The indicator should be easy to understand and use. 

Properties of sets 
of indicators 

Exhaustiveness Indicators should properly represent all the system 
dimensions, without omissions. 

Non-redundancy Indicators set should not include redundant 
indicators. 

Properties of 
derived indicators 

Monotony The increase/decrease of one of the aggregated 
indicators should be associated to a corresponding 
increase/decrease of the derived indicator. 

Compensation Changes of different aggregated indicators may 
compensate each other, without making the 
derived indicator change. 

Accessory 
properties 

Impact For each indicator the impact on process should be 
carefully analysed. 

Long term goals Indicators should encourage the achievement of 
process long-term goals. 

 

 

Table 3 – Alternative sets of indicators (or PMS) for the evaluation of the effect of TQM practices. 
 
Set 1 
Flynn et al. (1995) 
 

 
 
 

Set 2 
Mohrman et al. (1995) 

 
 

Set 3 
Powell (1995) 

quality market outcomes  ROE sales growth 
percent-passed final inspection with no rework ROI profitability 
unit cost ROS revenue growth 
fast delivery ROA productivity 
volume flexibility perceived profitability competitive position 
inventory turnover perceived competitiveness revenues  
cycle time market share overall performances 
 cost of manufacturing  

inventory turnover 
perceived productivity 
customer satisfaction 
quality 
speed 
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3.2 Definition of a set of criteria for impact assessment 

The second step entails the definition of a set of criteria for impact assessment, specific for the 

considered organization, basing on the reference model (e.g. BSC-IM). As an example, consider the 

methodology for impact analysis developed for a generic manufacturing organization. According to 

the BSC-IM model, the list of criteria (see Table 4) is defined on the basis of the literature about 

performance measurement in manufacturing companies (Azadeh et al., 2007; Gosselin, 2005; 

Ghalayini et al., 1997). 

 

Table 4 - Reference model for impact assessment of a generic manufacturing firm. The first column represents the basic 
perspectives (Kaplan and Norton, 1992; 1996; 2001). The second column shows the analysis criteria for the specific 
organization (Azadeh et al., 2007; Gosselin, 2005; Ghalayini et al., 1997). The last column reports criteria sense of 
preference, i.e. the direction which determine a strategic improvement from the organization point of view (↑: increasing 
sense of preference; ↓: decreasing sense of preference). 
 

BSC  IMPACT MODEL 

BASIC 

PERSPECTIVES 
ANALYSIS CRITERIA 

SENSE OF 

PREFERENCE 

Financial 

Sales   
Revenues  
Cost of human resources  
Cost of raw materials, goods and external services  
Other costs   
Investments   
Amount of debt   

Customer 

Communication  
After sale service  
Perception of final product/service  
Organization image  

Internal business 
process 

Quantitative production level   
Cycle time   
Qualitative production level (final products)  
Qualitative production level (incoming products)  
Delivery  
Stock level  
Capacity utilization  
Expansion   
Satisfaction of human resources  
Productivity of human resources  
Security of human resources  
Environmental impact  

Learning and 
growth 

Product variety   
Research and development on products  
Research and development on process  
Competitiveness  
Response time  
Conformity to customer requirements  
Rationality in setting and development of projects  
Education, training and qualification of human resources   
Self-learning  

 

The BSC-IM criteria may have different sense of preference. In general, the sense of preference is 

the direction which determine a strategic improvement from the organization point of view. For 

example, referring to Table 4, the criterion ‘Costs of raw material, goods and services’ has a 
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decreasing sense of preference since an increase of these costs is an inconvenience from the 

organization point of view. On the opposite, criterion ‘Qualitative production level of final product’ 

has an increasing sense of preference in the perspective of reducing the defective items. Increasing 

() and decreasing () senses of preference are reported in Table 4 next to each criterion. 

 

3.3 Analysis of an indicator impact  

Once an indicator is introduced, it may affect the organization behaviour. This means, according to 

the proposed reference model, that it may exert an impact on a given BSC-IM criterion.  

The evaluation of impact is a complex matter involving several contextual factors which may be not 

standardized. Elements such as the prevailing organizational culture, specific collective agreements 

or previous investments in technologies should be considered case by case. Given this critical issue, 

a rational reaction of the organization is assumed. The decision maker is able to anticipate the 

reaction of the organization, basing its expectations on the know-how of the specific contextual 

factors. 

Single indicators impact is evaluated by means of an ordinal scale (i.e. positive, negative or null 

impact). Long term and short term impacts are implicitly included in the meaning of positive or 

negative impacts. 

The assessment of a single indicator impact is developed for each analysis criterion as follows: 

a. Identify the indicator to be analysed. 

b. Identify the analysis criterion and its sense of preference.  

c. Forecast the organization reaction. 

d. Identify the effect of the hypothesized reaction on the analysis criterion. 

e. Detect a positive (P) or negative (N) impact. 

The step which brings to the identification of a positive or negative impact may be formalized as 

follows. To represent the effect of the organization reaction on the considered criterion a second 

arrow is introduced: ‘’ for an increasing effect and ‘’ for a lowering one. The impact is positive 

(P) if there is an increasing effect on a criterion with an increasing sense of preference, or a 

lowering effect on a criterion with a decreasing sense of preference. Otherwise, the impact is 

negative (N). If there is no effect on the criterion the impact is null. The mathematical symbol “”, 

appearing in the last column of Table 5, indicates the combination between the “criterion sense of 

preference” with the “effect of the organization reaction on the criterion” itself.  Table 5 shows all 

the possible configurations which may generate a positive (P) or negative (N) impact. 

In other similar contexts, such as for example in the analysis of environmental impact (Pastakia and 

Jensen 1998), wider ordinal scales are employed that take in consideration different ‘positiveness’ 
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and ‘negativeness’ levels. As a preliminary approach, the proposal reported in this paper is that of 

evaluating the impact of each single indicator by means of an ordinal scale (i.e. positive, null or 

negative impact). At this stage the aim is obtaining a rough estimation of the impact exerted. 

The choice of a three-level ordinal scale is suggested by the intrinsic nature of impact evaluation. It 

allows limiting ambiguities of interpretation, preserving the properties of empiricity and objectivity 

of a measurement (Roberts, 1979; Finkelstein, 1982; Franceschini et al., 2007). 

It follows that the mathematical operators employed for analysing and aggregating ordinal data 

should comply with their related properties (Roberts, 1979). 

 

Table 5 - Reference table for the identification of positive or negative impact of an indicator. Column 1 shows the 
criterion sense of preference. Column 2 schematizes the effect on the criterion of the organization reaction to the 
indicator. The criterion may be subjected to an increasing (↑) or lowering (↓) effect. Column 3 shows impact evaluation. If, 
for a given criterion, both columns 2 and 3 present the same symbol, a positive (P) impact is obtained. Otherwise, the 
impact is Negative (N).  
 

 COLUMN 1 COLUMN 2 COLUMN 3 
 

Case 
number 

Criterion  
sense of preference 

Effect of the organization 
reaction on the criterion 

Positive/Negative 
impact 

(1) ↑ ↑ ↑↑ P 
(2) ↑ ↓ ↑↓ N 
(3) ↑ - O 
(4) ↓ ↑ ↓↑ N 
(5) ↓ ↓ ↓↓ P 
(6) ↓ - O 

 
Legend: P = Positive impact, N = Negative impact, O = Null impact; symbol  indicates the combination between the 
“criterion sense of preference” with the “effect of the organization reaction on the criterion” itself. 

 

Consider again, for example, the set of indicators proposed by Flynn et al. for the monitoring of the 

effect of a TQM practices (see Set 1 of Table 3). In order to verify if TQM approach improve the 

product cycle time, the indicator ‘cycle time’ is introduced. Decision makers hypothesize that if the 

purpose of evaluation is declared, the workers will try to work as fast as possible but more defective 

items will be produced. Management wants to verify the effect of this indicator on criterion 

‘Qualitative production level (final product)’ with a increasing sense of preference (i.e. the 

organization wants high quality product). In this case, the qualitative level of final products reduces 

since more defective items are realized (see Table 6). As a consequence, from the combination 

between the “criterion sense of preference” with the “effect of the organization reaction on the 

criterion” itself, a negative impact occurs. 
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Table 6 - Impact analysis of indicator ‘cycle time’ on the criterion ‘Qualitative production level (final product)’. 

Step 1 Step 2 Step 3 Step 4 Step 5

Indicator 
Analysis criterion 

sense of preference 
Organization reaction 

to the indicator 

Effect of the 
organization reaction 

on the criterion 
Impact 

Cycle time 
 

(average cycle time) 

Qualitative production 
level (final product) 
Increasing sense of 

preference: ↑  
 

A high quality of final 
products is preferable 

Quality of final 
products reduces since 

decreasing the cycle 
time determines an 

increasing of defective 
items 

Qualitative production 
level (final product) 
Decreasing effect: ↓ 

 
 

Quality of final products 
reduces 

↑↓ 
 
N 
 

Negative impact 

 

At the end of the procedure, the so called impact matrix is obtained. Impact matrix is a table which 

gives an overview of the impact exerted by an entire set of indicators on each criterion (see Figure 

3). The impact matrix allows: 

- Obtaining a picture of the impact on all the organizational perspectives.  

- Obtaining a first rough information on the impact exerted by specific indicators observing 

single impact records. In this case the most critical indicators may be preliminarily identified.  

- Highlighting the cross impact of each indicator. An indicator may exert an impact on different 

organizational perspectives as shown by its impact record (see Figure 3). For example, 

indicator ‘fast delivery’ by Flynn et al. (see Table 3) has a negative impact on the criterion 

‘Cost of raw materials, goods and external services’ (Financial perspective of the BSC-IM) 

but a positive impact on criterion ‘Competitiveness’ (Learning and Growth perspective of the 

BSC-IM) since shorter delivery times make the organization more competitive on the market.  

 

 BSC-IM Criteria
 

Indicators 
C1 

 
C2 … Cj … Cm

I1 P O  N  P
I2       
…      P
Ii P P  O  N
…       
In N O  O  N

 
 

 
 
Figure 3 – Impact matrix. Rows represent the impact records obtained for each single indicator of a PMS. Columns 
represent the impact exerted by a set of indicators on each single analysis criterion. 
Legend: P: Positive impact; O: Null impact; N: Negative impact. 
 

Information contained in the impact matrix can be utilized for different applications:  

1. The comparison of impacts of each single indicator on all criteria (comparison between 

impact records).  

2. The comparison of the impact of a set of indicators on specific analysis criteria.  

Issue 1: Comparison between impact records 

Issue 2: Comparison among impact on specific criteria 

Issue 3: Overall impact analysis 
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3. The comparison of the overall impact of two or more sets of indicators.  

The second and the third topics will be the subject of the following Sections.  

Table 7 and Table 8 show respectively the assessment of each indicator impact and the impact 

matrix of Set 1 by Flynn et al. (Table 3). For the sake of simplicity, only a subset of the criteria 

reported in Table 4 is considered. Appendices A.1 and A.2 report the analyses for all the three sets 

of indicators of Table 3. 
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Table 7 – Analysis of impact of sets of indicators for the evaluation of the effect of TQM practices on organizations (as an example, only Set 1 by Flynn et al. is reported). For each 
criterion: the first column shows the criterion sense of preference, the second one schematizes the organization’s reaction to the indicator; the third one shows the impact exerted 
by the considered indicator obtained by the comparison of the first two columns.  
Legend: P: Positive impact; O: Null impact; N: Negative impact.  
 

C1 C2 C3 C4 C5 C6 C7 C8 C9

Flynn et al. (1995)

quality market outcomes  P  O  O  P  P  O  O  P  P
percent-passed final inspection with no rework  O  O  P  P  P  O  O  O  O
unit cost  O  P  O  O  N  P  O  O  P
fast delivery  P  N  O  P  O  O  O  O  P
volume flexibility  P  P  O  P  O  O  O  O  P
inventory turnover  O  O  O  P  O  P  O  O  P
cycle time  O  O  P  P  N  O  P  O  P

   

Stock level
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Table 8 - Impact matrix  of sets of indicators for the evaluation of the effect of TQM practices on organizations (as an example, only Set 1 by Flynn et al. is reported). At the bottom 
of the table the impact profile is reported. Three profiles are obtained using different techniques to synthesize impact on each BSC-IM criterion.  
Legend: P: Positive impact; O: Null impact; N: Negative impact.  
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3.4 Impact synthesis 

The overall impact analysis (see Figure 3) requires a synthesis of the information contained in the 

impact matrix. Impact synthesis entails two sub-steps: 

1. synthesis on each BSC-IM criterion; 

2. overall impact synthesis for the comparison of more impact profiles. 

An impact profile is a record S = {S1, S2, …, Sj, …, Sm}, being Sj the impact synthesis on a single 

criterion j (j = 1, …m) (see Figure 3, Issue 2). 

In the following two different approaches to build an impact profile are presented: 

1. Impact simple scoring; 

2. Ordinal impact ranking. 

Pros and cons of each technique are analyzed.  

Sections 3.4.1 – 3.4.2 propose possible approaches to obtain an impact profile, while Section 3.4.3 

gives some ideas for the overall impact synthesis. 

 

3.4.1 Impact simple scoring 

This rough technique considers the scoring of impacts on each single BSC-IM criterion. The 

procedure of synthesis is based on the count of “Ps” (positive impacts) and “Ns” (negative impacts) 

in each single column of the impact matrix. If the goal of impact analysis is to identify the 

maximum positive impact, the number of “Ps” for each column is considered. On the contrary, if 

impact analysis aims at identifying the minimum negative impact, the number of “Ns” impacts may 

be analyzed, and so on. Examples of impact profiles obtained considering this simple synthesis 

technique are reported at the bottom of Table 8. The highest positive impact (6 positive impacts) is 

exerted on criteria ‘Cycle time’ and ‘Competitiveness’. Impact profiles for the three sets of 

indicator for the evaluation of TQM impact on organization performances are reported in Appendix 

A2. Here it is possible to see, for example, that Set 3 (Powell, 1995) exerts the highest positive 

impact on criterion ‘Sales’ while the criterion ‘Competitiveness’ is one of the most positively 

impacted by all the three compared sets. 

 

3.4.2 Ordinal impact ranking 

This section proposes evaluating the impact of each single indicator by means of an ordinal scale 

(i.e. positive, null or negative impact). The choice of a three-level ordinal scale is suggested by the 

intrinsic nature of impact evaluation. It allows limiting ambiguities of interpretation, and preserving 

the properties of empiricity and objectivity of a measurement (Roberts, 1979; Finkelstein, 1982; 

Franceschini et al., 2007). 
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The impact simple scoring technique does not consider the whole information included in each 

single column of an impact matrix. For example, if the goal of impact analysis is to identify the 

maximum positive impact and the percentage of positive impacts is calculated, the technique does 

not take into account the presence of negative or null impacts. A set of five indicators which exerts 

the impacts P, P, O, O, O on a criterion, has the same synthesis value of a set with P, P, N, N, N 

impacts on the same criterion. 

When the evaluation scale of impact holds ordinal properties, often a numerical conversion is done 

(e.g. “P”= 3; “O”= 2; “N”= 1). This approach is adopted, for example, in the field of environmental 

impact evaluation (Rau and Wooten, 1980; Morris and Therivel, 2009). This practice, even if it 

simplifies the subsequent analysis, gives rise to two basic problems: 

- the numerical codification converts the ordinal scale into a cardinal one. The method 

introduces some properties (the “distance” for example) that were not present in the original 

ordinal scale. 

- The numerical codification is arbitrary. Changing the numerical encoding may determine a 

change in the obtained results. 

Many works in literature show how an improper cardinal codification of ordinal data may results in 

contradictory conclusions (Roberts, 1979; Franceschini et al., 2005; Franceschini et al., 2006.a). 

Data expressed on ordinal scale need to be aggregated using specific operators (Roberts, 1979). 

Many studies tried to find specific approaches for data analysis and aggregation, simple measures of 

central tendency such as the mode or the median value may be used. An deep review of usable 

operators is reported in Franceschini et al., (2005). Among them, an interesting approach for 

impacts aggregation is the ‘no low’ rule (Franceschini et al., 2005). It considers negative impacts as 

the most critical and operates as follows:  

 








n...,,imelse

n...,,iNmif
S

ij

ij

j 1mode     

1N
 

where Sj is the synthesis of impact on an analysis criterion j (j =1, …, m) and mij is the impact of 

indicator i (i =1, …, n) on criterion j (see Figure 3). According to this rule (‘no low’ impact 

ranking), if just a negative impact (N) is exerted, then the synthesis value of impact is ‘N’, else Sj is 

given by the modal value of impacts on criterion j. In presence of a multimodal distribution of 

impacts on a criterion, Sj is given by lowest impact (i.e. null impact ‘O’). The no low impact 

ranking technique may be applied when negative impact is considered very critical by a decision 

makers. This is often the case since negative impacts should be carefully avoided (see the example 

on indicator EI in Section 1). 
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Table 8 shows the impact profile for Set 1 by Flynn et al. applying the ‘no low’ impact ranking. By 

this rule the synthesis on criterion C1 (‘Sales’) is given by ‘O’ (null impact) since there are no 

negative impacts and the most frequent value is ‘O’. On the opposite, the synthesis of impact on 

criterion C2 (‘Cost of raw materials, goods and services’) is ‘N’ since there is a negative impact by 

indicator ‘fast delivery’. A negative impact is present also on criterion C5 ‘Qualitative production 

level (final product)’. Analyzing the impact profile, decision makers may observe that Set 1 by 

Flynn et al. has a negative effect both on costs and quality of products. Just basing on this 

preliminary information, some indicators could be modified in order to reduce negative impacts.   

Appendix A2 shows impact profiles for the three sets of indicators of Table 3. 

It may be interesting also to consider the weights of indicators in the synthesis of their impact. 

Weights could reflect the costs of indicators acquisition and analysis as well as their strategic 

importance assigned by management. In this case, impact simple scoring technique may be applied. 

However, if the ordinal properties of impact are considered, more complex synthesis operators are 

required. As an example, the OWA operators can be considered (Yager and Filev, 1994; Yager, 

2004; Yager et al., 2011). These aggregation operators, based on the fuzzy logics, do not require a 

numerical codification of ordinal scale levels. Due to this basic characteristic, they are widely 

employed in many different field ranging from social to engineering applications. An interesting 

review about these operators is reported in Yager et al. (2011). 

 

3.4.3 Overall impact synthesis 

In order to obtain an overall impact evaluation (see Issue 3 of Figure 3), a last step is required. 

Information contained in each impact profile is synthesized in order to easily compare different 

PMSs or sets of indicators. To support this activity, an impact chart is built. 

An impact chart is a multi-axis graph, where each axis represents the evaluation associated to a 

specific BSC-IM criterion (see Figure 5). 
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Figure 5 – Example of an impact chart for the three different sets of indicators reported in Table 3. Each axis 
corresponds to a BSC-IM criterion. The impact profiles of the three sets of indicators have been obtained using the 
‘maximum positive impact’ simple scoring (see Appendix A.2). In this case, the result of the comparison is automatically 
achievable since Flynn et al. (1995) impact profile dominates Mohrman et al. (1995) profile, which in turn dominates 
Powell (1995) profile. 

 

The comparison among different PMSs or sets of indicators is transformed in a comparison among 

impact profiles. Again, appropriate tools can adequately support this analysis. See for example 

MultiCriteria Decision Methods (MCDM) or Multi Criteria Decision Aiding (MCDA) methods 

(Vincke, 1992; Roy, 1996; Ehrgott, 2010; Pedrycz et al., 2011). 

 

4. Strengths and limitations of the proposed methodology 

A list of the main pros of the proposed methodology is the following: 

- Impact is one of the most critical aspect of PMSs. The proposed approach’s aim is to support 

management in the identification of indicators positive and negative impacts and to 

synthesize the overall effect. It provides a set of structured steps to select the most relevant 

PMS or set of indicators according to its impact. 

- It is based on a widely recognized reference model (BSC) which drives the identification of the 

impact areas within an organization. Each BSC perspective is further enriched by detailed 

analysis criteria.  
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- Even if the BSC is recognized as a complete framework for describing the main organizational 

areas, it is not unique. Operational criteria for impact analysis may be identified also basing on 

other models (e.g. EFQM) (EFQM, 2010), which managers consider suitable to represent their 

own organization. Procedure and synthesis methodologies proposed are still valid. 

On the opposite, the main cons are: 

- Management must be able to consider all the specific contextual factors which may determine a 

reaction of the organization to an indicator. 

- At the present, the proposed methodology does not consider potential interactions among 

indicators. We think that this problem can be useful approached by tools similar to those used 

for the construction of the correlation matrix in the QFD (Quality Function Deployment) 

framework (Franceschini, 2001; Franceschini F., Rossetto S. 1998). Future works will consider 

this issue.  

 

5. Conclusions 

PMSs are usually introduced by organizations in order to monitor the achievement of goals, to 

allocate resources and/or to implement a management strategy. 

The identification of the “right” performance measures is one of the most critical issues. Usually 

different sets of indicators are evaluated and filtered on the basis of their properties, the context of 

application, and the goal for which they are used. Very often they are also used for inducing a 

specific reaction in the organization in order to increase or improve its performance. In any case, it 

is commonly accepted that  PMSs exert an impact, whatever positive or negative, on the contexts 

in which they are applied. 

This paper introduces an operational methodology to evaluate indicators impact during the phase 

of design of a PMS. 

In the framework of the proposed methodology, with the aim of obtaining a comprehensive picture 

of impact within an organization, a reference model for impact assessment is introduced. This is 

based on the Kaplan and Norton’s Balanced Scorecard perspectives which are interpreted as the 

basic impact areas. 

The methodology analyses the impact that a set of indicators exerts on the basic impact areas for a 

given context. Specific tools are also introduced in order to verify if a positive or negative impact 

is exerted. In particular, the so called impact matrix is used for synthetizing the information 

coming from the analysis. The result of this activity is an impact profile for each set of indicators, 

which can be used for comparisons with the profiles of other PMSs. 
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This can result in a significant help for organizations which have to find the best set of indicators 

for performance evaluation or have to choose between two or more sets of indicator satisfying, in 

principle, the same representation objective. 

Even if the methodology is articulated in well-defined steps, its application requires a deep 

knowledge of the context and organization in which it is employed. All the specific contextual 

factors which may determine a reaction of the organization to an indicator must be considered and 

evaluated. Furthermore, as a first approximation, in the analysis no interaction between indicators 

is assumed. Future works will consider the way the correlation among indicators may be evaluated 

and included in impact analysis. Further developments will also investigate specific approaches to 

analyze and compare different impact profiles. 

 

References  

Abdullah, F., Suhaimi, R., Saban, G., Hamali, J. (2011), ‘Bank Service Quality (BSQ) Index: An 
indicator of service performance’, International Journal of Quality & Reliability Management, 
Vol. 28, Iss: 5, pp. 542-555. 

Andersen, E.S., Jessen , S.A. (2003) ‘Project maturity in organizations’, International Journal of 
Project Management, No. 21, pp. 457-461. 

Atkinsons, A. (1998), ‘Strategic performance measurement and compensation’, European 
Management Journal, Vol. 16, No. 5, pp. 552-561. 

Azadeh, A., Ghaderi, S.F., Partovi Miran, Y., Ebrahimipour, V., Suzuki, K. (2007) ‘An integrated 
framework for continuous assessment and improvement of manufacturing systems’, Applied 
Mathematics and Computation, No. 186, pp. 1216-1233. 

Barnetson, B., Cutright, M. (2000) ‘Performance indicators as conceptual technologies’, Higher 
Education, Vol.40, pp.277-292. 

Biazzo, S., Garengo, P. (2012), ‘Performance Measurement with the Balanced Scorecard. A 
Practical Approach to Implementation within SMEs’, Berlin, DK: Springer. 

Bititci, U.S., Turner, U.T., Beemann C. (2000), ‘Dinamics of Performance Measurement Systems’, 
International Journal of Operations and Production Management, Vol. 20, No. 6, pp. 692-704. 

Bourne, M., Kennerly, M., Franco-Santos, M. (2005) ‘Managing through measures: a study of 
impact on performance’, Journal of Manufacturing Technology Management, Vol. 16, No. 4, 
pp. 373-395. 

Cameron, K.S., Quinn, R.E. (1999) Diagnosis and changing organizational culture: Based on the 
competing values framework, Reading, MA: Addison Wesley. 

Caplice, C., Sheffi ,Y. (1994) A Review and Evaluation of Logistics Metrics. The International 
Journal of Logistics Management, Vol. 5, No. 2, pp. 11-28.  

Chenhall, R.H. (2005) ‘Integrative strategic performance measurement systems, strategic alignment 
of manufacturing, learning and strategic outcomes: an exploratory study’, Accounting, 
Organizations and Society, Vol. 30, pp. 395–422. 

Dossi, A., Patelli, L. (2008) ‘The decision-influencing use of performance measurement systems in 
relationships between headquarters and subsidiaries’, Management Accounting Research, Vol. 
19, pp.126–148. 



 21

Ehrgott, M. (2010) Multicriteria Optimization, Berlin, DK: Springer. 

European Foundation for Quality Management (2010) Introducing the EFQM model 2010. 
Available at http://www.efqm.org/en/PdfResources/EFQMModel_Presentation.pdf. Accessed 1 
March 2010. 

Evans, J.R. (2004) ‘An exploratory study of performance measurement systems and relationship 
with performance results’, Journal of Operations Management, No. 22, pp. 219-232. 

Finkelstein, L. (1982), Handbook of measurement science, Theoretical Fundamentals, Sydenham 
P.H. (ed), vol 1, John Wiley & Sons, New York. 

Flynn, B.B., Schroeder, R.G., Sakakibara, S. (1995) ‘The impact of quality management practices 
on performance and competitive advantage’, Decision Sciences, Vol. 26, pp. 659-691. 

Forslund, H. (2007) The impact of performance management on customers’ expected logistics 
performance’, International Journal of Operations & Production Management, Vol. 27, No. 8, 
pp. 901-918. 

Franceschini F., Rossetto S. (1998), QFD: how to improve its use, Total Quality Management, v.9, 
n.6, pp.491-500. DOI:10.1080/0954412988424. 

Franceschini, F. (2001) Advanced Quality Function Deployment, Boca Raton, CRC Press. 

Franceschini, F., Brondino, G., Galetto, M., Vicario, G., (2006.a), “Synthesis maps for multivariate 
ordinal variables in manufacturing”, International Journal of Production Research, v. 44, n. 20, 
pp. 4241-4255. 

Franceschini, F., Galetto, M., Maisano, D. (2007) Management by Measurement: Designing Key 
Indicators and Performance Measurements, Berlin, Springer. 

Franceschini, F., Galetto, M., Maisano, D., Viticchiè, L. (2006.b) ‘The Condition of Uniqueness in 
Manufacturing Process Representation by Performance/Quality Indicators’, Quality and 
Reliability Engineering International, No. 22, pp. 567-580. 

Franceschini, F., Galetto, M., Turina, E. (2012) ‘Impact of performance indicators on organizations: 
proposal for an evaluation model’, forthcoming on Production Planning and Control. 

Franceschini, F., Galetto, M., Varetto, M. (2005) ‘Ordered samples control charts for ordinal 
variables’, Quality and Reliability Engineering International, Vol. 21, No. 2, pp. 177-195. 

Franco-Santos, M., Kennerley, M., Micheli P., Martinez, V., Mason, S., Marr, B., Gray, D., Neely, 
A. (2007) ‘Towards a definition of a business performance measurement system’, International 
Journal of Operations & Production Management, Vol. 27 No. 8, pp. 784-801. 

Franco-Santos, M., Lucianetti, L., Bourne, M. (2012) ‘Contemporary performance measurement 
systems: A review of their consequences and a framework for research’, Management 
Accounting Research, http://dx.doi.org/10.1016/j.mar.2012.04.001. 

Garengo, P., Bititci, U. (2007) ‘Towards a contingency approach to performance measurement: an 
empirical study in Scottish SMEs’, International Journal of Operations & Production 
Management, Vol. 27, No. 8, pp. 802-825. 

Ghalayini, A.M., Noble, J.S., Crowe, T. (1997) ‘An integrated dynamic performance measurement 
system for improving manufacturing competitiveness’, International Journal of  Production 
Economics, No. 48, pp. 207-225. 

Gosselin, M. (2005) ‘An empirical study of performance measurement in manufacturing firms’, 
International Journal of Productivity and Performance Management, Vol. 54, No. 5/6, pp. 419-
437. 



 22

Greatbanks, R., Tapp, D. (2007) ‘The impact of balanced scorecards in a public sector environment. 
Empirical evidence from Dunedin City Council, New Zealand’, International Journal of 
Operations & Production Management, Vol. 27, No. 8, pp. 846-873. 

Hauser, J., Katz, G. (1998) ‘Metrics: You Are What You Measure!’, European Management 
Journal, Vol. 16, No. 5, pp.517-528. 

Henry, J.F. (2006) ‘Organizational culture and performance measurement systems’, Accounting 
Organizations and Society, No. 31, pp. 77-103. 

Heo, J., Han, I. (2003) ‘Performance measure of information systems (IS) in evolving computing 
environments: an empirical investigation’, Information & Management, No. 40, pp. 243-256. 

Hill, T. (1999) Manufacturing Strategy: Text and Cases, Burr Ridge, IL: McGraw-Hill. 

Hoque, Z., James, W. (2000) ‘Linking balanced scorecard measures to size and market factors: 
impact on organizational performance’, Journal of Management Accounting Research, No. 12, 
pp. 1-17. 

Hudson, M., Bourne, M., Smart, A. (2001) ‘Theory and practice in SME performance measurement 
systems’, International Journal of Operations & Production Management, Vol. 21, No. 8, pp. 
1096-1115. 

Hulme, D. (2000) ‘Impact Assessment Methodologies for Microfinance: Theory, Experience and 
Better Practice’, World Development, Vol. 28, No. 1, pp. 79-98. 

Ijas, A., Kuitunen, M.T., Jalava, K. (2010) ‘Developing the RIAM method (rapid impact assessment 
matrix) in the context of impact significance assessment’, Environmental Impact Assessment 
Review, Vol. 30, pp. 82–89. 

Jacob, R.A., Madu, C.N., Tang, C. (2012), ‘Financial performance of Baldrige Award winners: a 
review and synthesis’, International Journal of Quality & Reliability Management, Vol. 29, Iss: 
2, pp. 233-240. 

Kaplan, R.S., Norton, D.P. (1992) ‘The balanced scorecard-measures that drive performance’, 
Harvard Business Review, No. 70, pp. 71-79. 

Kaplan, R.S., Norton, D.P. (1996) The Balanced scorecard, Cambridge, MA: Harvard Business 
School Press. 

Kaplan, R.S., Norton, D.P. (2001) The Strategy Focused Organisation: How Balanced Scorecard 
Companies Thrive in the New Business Environment, Boston, MA: Harvard Business School 
Press.  

Kennerly M, Neely A. (2003)  ‘Measuring performance in a changing business environment’, 
International Journal of Operations & Production Management, Vol. 23, No. 2, pp. 213-229. 

Kennerly, M., Neely, A. (2002) ‘A framework of the factors affecting the evolution of performance 
measurement system’, International Journal of Operations and Management, Vol. 22., No. 11, 
pp.1222-1245. 

Kerssens-van Drongelen, I.C., Fisscher, O.A.M. (2003), ‘Ethical dilemmas in performance 
measurement’, Journal of Business Ethics, No. 45, pp. 51-63. 

Lipe, M.G., Salterio, S. (2002), ‘A note on judgmental effects of the balanced scorecard’s 
information organization’, Accounting Organization and Society, No. 27, pp. 531-540. 

Marín, L.M., Ruiz-Olalla, M.C. (2011), ‘ISO 9000:2000 certification and business results’, 
International Journal of Quality & Reliability Management, Vol. 28, Iss: 6, pp. 649-661. 



 23

McGrath, M.E., Romeri, M.N. (1994) ‘The R&D effectiveness index: A metric for product 
development performance’, Journal of Product Innovation Management, Vol. 11, No. 3, pp. 
213–220. 

Mehra, S., Joyal, A.D., Rhee, M. (2011), ‘On adopting quality orientation as an operations 
philosophy to improve business performance in banking services’, International Journal of 
Quality & Reliability Management, Vol.28, Iss: 9, pp. 951-968. 

Micheli, P., Mura, M., Agliati, M. (2011), ‘Exploring the roles of performance measurement 
systems in strategy implementation: The case of a highly diversified group of firms’, 
International Journal of Operations & Production Management, Vol. 31, Iss: 10, pp. 1115-
1139. 

Mohrman, S.A., Tenkasi, R.V., Lawler III, E.E., Ledford Jr., G.G. (1995) ‘Total quality 
management: practice and outcomes in the largest US firms’, Employee Relations, Vol. 17, 
No.3, pp. 26-41. 

Morris, P., Therivel, R. (2009) Methods of environmental impact assessment (3rd edn), New York, 
NY: Routledge. 

Moxham, C., Boaden, R. (2007) ‘The impact of performance measurement in the voluntary sector. 
Identification of contextual and processual factors’, International Journal of Operations & 
Production Management, Vol. 27 No. 8, pp. 826-845. 

Nahm, A., Vonderembse, M.A., Koufteros, X.A. (2003) ‘The impact of organizational structure on 
time-based manufacturing and plant performance’, Journal of Operations Management, No. 21, 
pp. 281-306. 

Neely, A. (2005) ‘The evolution of performance measurement research. Developments in the last 
decade and a research agenda for the next’, International Journal of Operations & Production 
Management, Vol. 25, No. 12, pp. 1264-1277. 

Norreklit, H. (2000) ‘The balance on the balanced scorecard – a critical analysis of some of its 
assumptions’, Management Accounting Research, Vol. 11, pp. 65-88. 

Nudurupati, S.S., Bititci, U.S., Kumar, V., Chan, F.T.S. (2011) ‘State of the art literature review on 
performance measurement’, Computers & Industrial Engineering, Vol. 60, pp. 279-290. 

Oakes, D. (2008) ‘Driven by metrics’, Quality Progress, September 2008. 

Parast M.M., Adams S.G., Jones E.C. (2011) ‘Improving operational and business performance in 
the petroleum industry through quality management’, International Journal of Quality & 
Reliability Management, Vol. 28, pp. 426-450. 

Pastakia, C.M.R., Jensen A. (1998) ‘The Rapid Impact Assessment Matrix (RIAM) for EIA’, 
Environ Impact Assessment Review, Vol. 18, pp. 461–482. 

Pedrycz, W., Ekel, P., Parreiras, R. (2011) Fuzzy Multicriteria Decision-Making: Models, Methods 
and Applications, New York, NY:  John Wiley and Sons. 

Pennington, D.W., Potting, J., Finnveden, G., Lindeijerd, E., Jolliet, O., Rydberg, T., Rebitzer, G. 
(2004) ‘Life cycle assessment Part 2: Current impact assessment practice’, Environment 
International, Vol. 30, pp. 721– 739. 

Performance Management Special Interest Group (PMB SIG) (2001) The performance-based 
management Handbook, vol.2 : Establishing an Integrated Performance Measurement System, 
Oak Ridge Institute for Science and Education (ORISE), U.S. Department of Energy. 

Powell, T.C. (1995) ‘Total quality management as competitive advantage: a review and empirical 
study’, Strategic Management Journal, Vol. 16, pp. 15-37. 



 24

Rau, J.G., Wooten, D.C. (1980) Environmental Impact Analysis Handbook, New York, NY: Mc 
Graw Hill.  

Roberts, F.S. (1979), Measurement Theory, Reading, MA: Addison-Wesley Publishing Company.  

Roy, B. (1996) Multicriteria Methodology for Decision Aiding, Kluwer Academic, Dordrecht. 

Sampaio, P., Saraiva, P., Guimarães Rodrigues, A. (2011), ‘The economic impact of quality 
management systems in Portuguese certified companies: Empirical evidence’, International 
Journal of Quality & Reliability Management, Vol. 28, Iss: 9, pp. 929-950. 

Schein, E.H. (2004), Organizational Culture and leadership, San Francisco : Jossey-Bass. 

Skinner, W. (1974) ‘The decline, fall, and renewal of manufacturing plants’, Harvard Business 
Review, May–June. 

Tung, A., Baird, K., Schoch, H.P. (2011), ‘Factors influencing the effectiveness of 
performancemeasurement systems’, International Journal of Operations & Production 
Management, Vol. 31, Iss: 12, pp. 1287-1310. 

Ukko, J., Tenhunen, J., Rantanen, H. (2007) ‘Performance measurement impacts on management 
and leadership: Perspectives of management and employees’, International Journal of 
Production Economics, Vol. 110, Nos. 1–2, pp. 39–51. 

U.S. Department of the Treasury. Criteria for Developing Performance Measurement Systems in 
the Public Sector. U.S. Department of the Treasury, 1994.  

University Of California, Laboratory Administration Office. Objective Standards of Performance 
(Appendix F). Available at: 
http://www.ucop.edu/labs/labprimecontracts/LBNL/appendices/archives/apndx_f_lbnl_m345.
pdf [1 September 2010]. 

Vincke, P. (1992), MultiCriteria Decision Aid, John Wiley, Chichester. 

Wainwright, S. (2002) Measuring impact: a guide to resources, London, UK: NCVO Publications. 

Wu, S.-I., Chen, J.-H. (2012), ‘The performance evaluation and comparison based on enterprises 
passed or not passed with ISO accreditation: An appliance of BSC and ABC methods’, 
International Journal of Quality & Reliability Management, Vol. 29, Iss: 3, pp. 295-319. 

Yager, R. (2004) ‘Modeling Prioritized Multicriteria Decision Making’, IEEE Transactions on 
Systems, Man, Cybernetics – Part B: Cybernetics, Vol. 34, No. 6, pp. 2369-2404. 

Yager, R., Filev, D.P. (1994) Essentials in Fuzzy Modeling and Control (4th edn), New York, NY:  
John Wiley and Sons. 

Yager, R., Kacprzyk, J., Beliakov, G. (2011) Recent Developments in the Ordered Weighted 
Averaging Operators: Theory and Practice (Studies in Fuzziness and Soft Computing), Berlin, 
DK: Springer. 

Zhou, X., Schoenung, J.M. (2007) ‘An integrated impact assessment and weighting methodology: 
Evaluation of the environmental consequences of computer display technology substitution’ 
Journal of Environmental Management, Vol. 83, pp. 1–24. 



 25

Appendix A.1  Analysis of single indicators impact  
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Notes to Tables in Appendix A.1 
 
For each criterion:  

-  the first column shows the criterion sense of preference; 

-  the second one schematizes the organization’s reaction to the indicator; 

-  the third one shows the impact exerted by the considered indicator obtained by the comparison of 

the first two columns as described in Section 3.  

 

Legend: P: Positive impact; O: Null impact; N: Negative impact. 
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Appendix A.2  Impact matrices  

 
Legend: P: Positive impact; O: Null impact; N: Negative impact. 


